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IRTRODUCTKON

These recomnaissance maps ghow the distribu-
tion and relative proportions of major types of
bottom sediment on the Gulf of Alaska continental
shelf between Montague I5land and Yakutat (fig. l).
This part of the shelf is 450 km long and ranges
in width (shoreline to 200-m igobath) from about
80 km off the Copper River to less than 30 km off
Kayak lalgnd and ancampasses an srea of ahouto
25,000 xm“. The shelf gxedient ranges from O 08'
off Sho Copper River to 0 23' off Xayak Island
to 0°12' off Icy Bay (fig. 1).

Morphology

Foust major valleys or troughs are incised
opproximately perpendicular to shore; they are,
from west to east, Hinchinbrook Sea Valley, Kayak
Trough, Bering Trough and Yakutat Sya Valley
{2lg., )). One elongate depression, Egq Island
Trough, parallels the shoreline along the Copper
Rivexr Delta. Positive relief features, from
weéBt to ¢ast, include Tarr Bank, Widdleton and
Xayak Islands and surrounding platforms, and Pamplona
Ridge. The influence of each of these morphologic
foatures must be considered in a study of erosional
or depositional processes and the resulting dis-
tribution of sediment on the contilnental shelf.

On shore, the topagraphy conslets of a narxow
coastal plain backed by tha tectonically active,
glaclated Chugach-St. Eliag Mountajns. The
maln bresks in these young, rugged mountains are
valleys through which glaciers flow or flowead
toward the sea. At the west end of the study
ared, the glacially fed Coppar River annually
corries & gigantic load of sedimenc~-107 x 10
xilograms (Reimmitz, 1966)~~ to the Gulf of
Alaska. Two pledmont glagiers, Bering and
Malaapina, extend nearly to the shoreline.
fyom these masaive glaciert mumerous wmeltwater
streams CArxy significant amounts of sus-
pondegd matter--890 mg/1 at the mouth of the
Seal River that drains from Boring Glacier
(R. Féely, ozal cammwun. 1976)== into the pre-
dominantly counter-clockwiee ciroulation of the
Rlaskan Gyre (Reimnitz and Carlson. 1975). Two
large bays. Icy and Yakutat, which were once
the aitee of large glaciers (Platkex and Miller,
1958) , are incised in the coaBtline on either
alde of the Malaspina Glacier.

Geology an@ Structursl framework

Btrata ranging from Paleocene well-indurated
ergiilite and graywacke (Orca Croup) to Pleistocene
semiconsolidated siltstone and conglomezatic
mudgtons {upper part of the Yukataga Formation)
crop eut in the foothills, on the voastal plain,
and on gome of the islands and bankg of the conti-
nantal ghelf (Plafker, 1967, 19741 Plafker and
rddloott. 19758; Winkler, 1973; Molnia and Carison,
1975a). Plafker (1967, 1971) has named this conti-
nental margin basin the Gulf of Aloska Tertiary
Pxovince. The Tertiary strsta are complexly folded
and faulted, probably as 8 conseguance of Cenozoice
i{nteractions between the Noxth Amexrican plate and
the Pacific plate (Plafker, 1969, 1972; Plafker and
othexs, 197S; Bruns and Plafker, 1975). Holocene
unconsolidated mud, sand. And gravel unconformably

overlie the wave-, stream-, and glacler~planed
surface of Paleocene to Pleistocene rocks on the
coastal plain as well as the continental shelf
(Carlson and Molnis, 1975; Plafker 4and othars,
1975) .

Climatology and Oceanography

Weathar in the Gulf of Alaska is influenced
by two competing pressure systems, the Alesutian Low
and the Pacific Bigh (Dodimead and othexs. 1963;
Royer, 1975). Severe westerly atorms wowe through
the region during the winter montha when the
Aleutian Low predominates. The c¢yclonic rotation
of these stovma ¢rgates sctrong sasterly winds in
the northarn Gulf of Alaska. During the summer,
the Paelfic High becomes dominant, fair weather
frequent, and the prevailing winds more southwester-
ly and more docile. The Ekman transport of shelf
waters a3 a result of the wind gstrega produces
strong downwelling in the winter and weak upwelling
in the aummar (Royer, 1275).

Watar circulation in the Gulf of Rlasks is
forced by the westerly Subarctic Cucrxent that
turns north as it nears the North Awmerican conti-
nent and flows into the gulf as the Alaskan Gyre.
In response, the nearer shore Alaskan Stream
flows counter-clockwise through the Gulf of
Alaska at & epeed of 16-20 cm/sec (Dodirwad and
others, 1963). Royer (1975) reports that an
18-cm/sac vestward flowing surface current was
monitored near Middleton Island in April 1972,
on the hagsis of deveral sightings of & laxge
propane tank.

Large storm waves estimated to be 2t least
15 m high (7. €. Royer, 1977) roll across the
shelf throughout the winter seasgons. These waves
undoubtedly disturb the bottom even at the shelf
edge (200 m dosp). Strong bottom currencs are
believed to be active on highs such as Tarrc Bank.
Speculated additional forces include the little
known internaol waves that are being reported with
inereasing frequency as study of these phenomena
intensifies.

Tsunamig are fregquent visitors to cha
Alaskan ehelves, generated either from regional
or remcto ¢arthguakes. Thesea long (400-km wave-
length) waves devsatate coastal structures
(Plafkey and others, 1969) and most certoainly
have some ¢ffoct on the surface sadiments on the
shelf.

Purpose

These maps and pamphlet illustrate the physi-
cal chavacterigtics of continentsl shelf sediments
in the northern Gulf of Alaska. Tha data provigde
clues for unraveling the history of recent sedi-
mentation. 7The amounts and modes of erosion,
transportation, and depssition arg impottant in
evaluating tho environmental hazards of this shelf,
particularly as petroleum exploxation »ccelerates.
Benthic biologists relate occurrence of infauna
and epifouna to aediment type. Goochemists must
know the sedimant types and characteristics in
order to gvaluwate the diastrivution and absorprion
of metals and nonmetals and how these relate to
the presence, absence, or spread of contaminants.
Knowledge of the type of seafloor also is important
in understanding the effects of oil spills



as well as explaining concentrations of hydrocarbons.
This report provides a preliminary look at the regional
distzibution of sediments and the active sadimentary
processes.
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DATA COLLECTION
Sampling Tecunicues

Most of the data incorporated in this report
were collectad on awven cruises hoginning September
1974. The type and smount of data collected on
each cruise are shown on Table l.

The sediment maps in this repoxt ara bsased
primarily on Anslyses of sediment gamplea collected
an the Cromwell and Discoverer cruigesd, supplemented
by shipboard degoriptioans of sediments collected
on the Acona and Sea Sounder cruigas and by inter-
pzetations of seafloor stratigraphy €rom high-
resolution selamic reflection profiles (Carlson
and Molnia, 1975; Molnia and Carleon, 1975a). The
seismic records waxra especially useful in providing
continuity of jnterpretation acrogs areaz where
the bottom gemples ware sparse. The seven cruises
utilized varioua means of navigation inecluding
satellite, Loran A, Decca Hi-Fix, Raydist,
Motorola Mini~Renger, and radar. The location
accuracy rangeg €rom 0,25 to 1.5 km but averages
about 0.5 km.

The sample sites are plotted on tha sodiment
distribution map (8heet l1). Most of the samples
were collectad with VanVeen and Shipek grab
samplers. Bhpproximately one litex of sediment
was retained for size analyses.

In addition toe our data collected sfince 1974,
we have used data generated by Wright (1972 a,bh)
for the Yakutat Bay region and by Reimnite (1966)
for the Copper Rivar delta and prodelta region.

Laboratory Techniques

Size unalyses of the gediment samplea were
obtained using sieves, 1/2 ¢ interval, for gand
and gravel sizas (American Soclety for Testing
Materials, 1972) and a hydzophotomster for silt
and clay sized (Jordan and others, 1971). Grain
size clasaeg follow Wentworth‘s (1922) classi-
fication: gravel > 2 mm, sand 2.00 - 0.062 am, =ilt

0.062 - 0.004 mm and clay < 0.004 mm. Size
porameters of mean and sorting were calculated
using the formulus derived by Folk and Ward
(1957). Samplas that contained more than 5
percent gravel were of insufficient velume to
give an accurate 8ize rapresentation (Sohlee and
Pratt, 1970; Krumbein and Pettijohn, 1838). The
volume of sample néeded to portray the coarsast
gravels would hava baen too large for roatine
tollections. Description of some of these sedi-
wents will be posgsible only with thorough obser-
vation of the seafloor by television oxr bottom
camera.,

A total of 41 gamples was analyzed for
carbon using the LEQO combustion technigue

{(Boyce and Bode, 1972). The samples ware chosen to

represent varistions in sediment typas through-~
out the study ares.

Representative samples of the two dominant
sediment types, clayey sllt and gravelly mud,
were tested for geotéchnical properties. Twenty-
eight samples were analyzed for Attarberq limits
using the ASTM modifivd methods suggested by
Richards (1974). Vane shear measuremonts
{(R{chards, 1961; Kravitz, 1970; Monney, 1974)
ware made on gubsamplas of 16 box cores. The
aubsamplea were collected by pushing an 8,S-om
(inside diameter) plastic core—-liner into the
top surface of the box core and then cutting the
Liner out of the sample at the time the box core
was slabbed. The mipfature vane shear measure-
ments were made in tha laboratory, about 3ix
months after the cruise, on the cores that were
confined by the linex and a tight fitcing coxe
cap at the bottom of tha subsample. 1The band-
crank vane shunr apparatus (Wykeham Parpance Bng.
Utd.) was rotatsd at a rate of about 90°/min
(Monney, 1974).

SEDIMENT DATA

Sediment distribution

The map showing distribution of sediment
types (Sheet 1) is based on a medified vergion
of Shepard's (1954) and Polk's (1954) sediment
classifications. The samples were located an
ternary diagrams on the basis of percentages of
gravel, sand, sllt, and clay. Samples containing
more than 1 percant gravel were located on the
gravel-sand-mud trisngle and all others on the
sand-silt-clay triangle (sheet 1). Thay were
then plotted on the map as one of sgven sediment
types defined on the ternary disgramg. Becauvse
Of the relatively few samples in some of the
categories defined by 8hepard (1954) and Folx
(1954), we have combined some groups and thus
simplified the distribution map. Sevaral areas
nre shown as bed~xrock bescause of the rugged,
irreqular surface of the seafloor, a lack of
internal reflectora on high-resolution sveisgmic
profiles, 2nd our inability to obtain samples of
dediment despite multiple attempts.

Tablae 1.-~Cruises in tha northérn Gulf of Alaska

Cruige Dute Type and Amount of Data
R/V Thompeon -—--——eweex-wv 9/74-10/74 Highwresolution seismic - 6500 km
NOAA Surveyer =esee=—mavaaws 4/15~5/75 ———— dg, wmmm - 5000 km
NOA4 Cromwell-———s=crm--~— §/78 Cravity cores and gradb samples - 400 Bamples
M/V Graen ———--- ——m—eeean~w 6/75-8/75 High-resolution goiemia - 2250 km
NOAA Disooverer -—--v~es=-- 10/75 Grab samples - 37 samples
R/V 400NA ————ceesm—canmnar~ 4/76 Bigh~resolution seismic - 700 kn
Grab samples - 58 samples
Seabed photographs - 14 stations
R/V Sea Sounder --~e=wwmuwe 6/76 Migh-resolution seiemic - 2300 km
Grab samples and cores - 86 samples
Seafloor television - 11 locations




Selsmic profiles and maps of sedimentary units
{(Molnia and Csrlson, 19754), an isopach of Holocene
gediments (Carlson and Molnis, 1975), and bathymetcy
(Moinia and Carlson, 1975b) were used to supplement
textural data and to modify boundaries between #edi-
ment types.

The dominant gediment in chis high-energy environ-
ment ig clayey silt (sheet )). Clayey silt is especially
prevalent eagt of Xayak Island. mantling mach of the
shelf except the nearshore area betwesn Yakataga and
Yalutat, the Kayak Ysland platform, the crest and
flanks of Pamplona Ridge, and the outermost ahelf.
West of Kayak Island clayaey silt dominates in
Kayak and Egg Island Troughs, in Binchinbrook Sea
Valley, and on the outer shelf except on the Middleton
Island platform and Tarr Bank.

The secomd most conmon sediment im gravelly mud
(sheet 1), which covers most of Tarr Bank and Pamplona
Ridge and is present along much of the shelf edge
east of Kayak Island.

Sand predominantes i{n the nearshore zane
especially near tha Copper River and Lthe Malaspina
Glacier (sheet l). Our sampling grid does not
extend close enough to shore near the Bering Glacier
to determine whetlwr or not that part of the nearshore
zone containg significant quanticies of sand.

Gravel and Sand

The percentages of gravel i{n the northern Gulf
of MAlaska are variable, ranging from almost 75 per-
cent of sowme samples to a trace of largely granule-
size particles in others. The principal areas of
gravel accumulation are on the Tarr Bank - Middleton
Island platform, on the top and flanks of Pamplona
Ridge, and on the morajnes at the mouths of Yakutat
Bay and lcy Bay (sheet 2n). Cumulative percent
curves of the gravelly sediment (fig. 2) shows theiy
overall size characterlstics.

The dominant percentages of gravel are in the
range of 10-25 percent on the west side of Tarr Bank
and around Middleton Island. On the east side of
Tarr Bank, the 1-10 percent range dominates, On
Pamplona Ridga the dominant gravel ranga ia 25-50
percent, decreasing to 1-29% percent at the larmdward end.
At thea mouth of Yakutat Bay many of the morainal
samples comtain more than SO peroent gravel. In
addition, small patches of gravel ara located along
the flanks of the Yakutat Sea Valley.

The highest concentrationa of sand (many samples
are more than 90 percent sand) gccur along the con-
tinvally ehanging barrier 1slands that are prograding
westward at the mouth of the Copper River (Reimnitz,
1966) (sheet 2B). Most of the sand, whether fram
barzier island or tidal channel, is moderately
well-sorted, medium to fine sand (fig. 2). Hayes
(1976) has claseified the mineralogically immature
gand of the barrier islapds as litharenite, con-
taining about equal parts of quartz and metamorphic
rock fragments, Other areas of gand dowinance are the
nearshore zone both east and west of the Malaspina
Glacier and a patch on the floor of Yakutat Sea Vallay,

Tarr Bank samples also have a reslatively high
gand content ranging from 10-50 percent with most
of the samples in the 25-35 percent range. The
Kayak Island platfosm is coverad by sedimant of a
Fairly high sand content with samples at the gouth-
west end consigting of as much as 88 percent eand.

The high sand and gravel contént at the surface
of Tarr Bank is a measure of the great energy of
storm waves. A3 the severa winter storms move
through the area, they generate large wavesg and
gtrong bottom currents that extensively rework the
bottom sediment on banks and shoalz. The generally
high energy over these bathymetric highs, in addition
to winnowing the bottom sediment, 2180 retzrds depo-
gition of the fine fraction. Underwater television
obeervations of Tarr Bank during the R/V Sea_Soundaer

erulisa (6/76) showed widely diverse seafloor
deposits ranging frow large boulders and
cobblas, to shell hash and granules, to sand,
to muddy gravels. Tne gravels, where wore con-
centrated, were probably deposited 38 ground
morainé at some time in the Pleistocene when
glaciers apparently covered much on the shelf
(Molnis, 1977). ‘Those samplas with pebbles
gcattered throughout the mud, classioc diamictons
(£4g9. 2), represent dual sedjmentation processes.
Thée nmud was probably deposited in environments
similar to those of today, by meltwatar streams
carrying great quantities of glacial flour into
the qulf. The pebbles are dropstones, probably
ice-rafted glacial debris. Thiz sedimentary
enviromnment must have existed throughout much
of the Tertiary, aeccording to Plafker and
addicott (1976) who describe thick outcrops of
Yakataga Pormation (Miocene to Holocane) that
contain miriple sequences of conglomeratic
mudatone.

The moderataly well-sorted sands of the
nearshore 2one gharacterize a dynamic environment.
The internal wave action combined with storm
waves and longshore currents resuspand or keep
the fino particles in suspension, and the Alaskan
Stream and Gyre transport them westward.

The high sand content in the entrance
between Hinchinbrook and Montague Islands (10-

50 percent) and betwean Rinchinbrook Island and
the majlnland to the east (more than 50 peroent)
suggests transport of sand from the Copper River
syatem along shore and into Prince William Sound.
Tidal action in the entrance probably winnows

the fines from this sandy sediment. The concept
of gediment transport into Prince William Sound
is reinforced by high-resolution seismic profiles
that show a wedge of Holocene sediment building
into the sound and also by satellite imagery that
shows plumes of suspended m2tter being transported
into the sound (Reaimmitz and Carlsen, 1975;
Sharma and otherg, 1974).

8ilt and Clay

The higheast concentrations of silt (as much
a2 80 percent) occur east of KXayak lsland,
especially seaward of the Malaspina and Bering
Glaciers (sheet 2C). Much of tha shelf in this
area is blanketed by clayey silt (sheet 1),
which can be attributed largely to the vast
quantities of glacial flour supplied by the
glaclers during the melt aseason. Figure 2 shows
the cumulative size curves of this type of sedi-
ment.

West of Rayak lsland, the highest conoentra~
tions of ailt (60-72 percent) are found in Kayak
and E£gg Island Troughs and in Hinahinbrook Sea
Valley.

Axeas with low gi)lt percentages are the
bathymetric highs, Tarr 8ank, Middleton and
Kayak 1sland platforms, and Pamplona Ridge.
Isclated places such ag Yakutat Sea Valley and
the nearshoxe zones of the entira region where
sand or gravel content ls high alse contain
bottom sediments low in silt.

The pattern of silt diatribution around
Xayak lsland agrees with patterms of suspended
sediment-laden water visible on satellite imagery.
This agreement suggests that the naarshore currents,
influenced by the Alaskan Gyre, play a significant
role in the transport of glacisl flour over the
continental shelf in the northam Gulf of Alaska.

The bighest concentrations of clay (30~30
percent) occur in Egg Island Trough, Kayak Trough,
Rinchinbrook Sea Valley, ond on much of the shelf
between Kayek Island and Pamplona Ridge (sheat 2D),
a distribution similar to that of ailt (sheet 2C),



Low clay contents ocour in the gediments east of
Pamplona Ridge and ure a result of the exceptionally
high silt content. The lowest parcentage of clay
{lese than 10 percent) Is in the nearshore zone
whare the pexcentage of sand {s vexy high. Other
areas that are faixly low (10-20 percent) in clay-
size sedimeénts are located on Pamplopa Ridge and
around Middleton Island.

Clay-~slzs se¢diments axre not 80 prevalent on the
northern Gulf of Alwska shelf as on shelves in other
parts of the world (fig. 3). 7The primary reason for
this deficiency i3 that the source sediment is largely
glacial floux, which appears to be dominated by the
silt fraction (fig. 3). In oddition, the high wave
energy in this dynamic anvironmant may keep the clay
in suspension and aid its txansport off the shelf
into the abyswal depths. In xome bays, however, the
energy is low éncugh to allow the olay-size fraction
to settle out of suspension. For example, Wright
(1972a) reported sisdiments from parts of Yakutat Bay
with as much as 85 porcent clay=-eize particles.

A uniform sssemblage of clay minerals is present
in the shelf gediments of the noxrthern Gulf of Alaska.
Chlorite and illite axre dominsnt, averaging 51 per-
cent apd 17 perecent, respectively, in 87 samples
analyzeds kaolinite (L0 percent) and montmorillonite
(2 percent) round out the clay mineral suite (Molnia
and Fuller, in press). Griffin, Windom, and Goldberg
(1968) reported high illite (58 pergent) and chlorite
(36 percent) oontente in the guspended load of the
Copper River. They attributed the high chlorite
concentrations found at high laticodes to the effects
of low-intensity weatherlng processes and glacial
transport.

Méan and sorting

Caleulacions of mean Bize (measure of central
tendency) snd sorting (standard deviation) of the
sediment gize curves ware made vsing Folk and Wards
(1957) formulsc. Moan phi {¢) ranges from -2.8 for
the lag gravel on the Middlevon Island platform to

8.0 for the olayey silt in Bgg Island Trough (sheet 2E).

The degree of sorting ranges fxom moderately well
sorted (legs than 1) to very poorly sorted sediment
(as high as 9) (sheet 2F).

Varistione in mean grain size and sorting in
general parallal the digtributlon of sediment typss
in that discrets arxeag of sand, gravel and muddy
gravel, and silt are evident on both maps (sheet 2E
and F). The concantrationg of thesa end products
are repeated by the percéntage waps (sheet 2A-D).
The most pravalont wmean phi wiza, 6~8 ¢ (clayey sile),
is most common east of Kayak Ysland where much of
the shelf surface L8 composed of 9ediment in this
mean size. Wedt Of Xayak Ysland, the 68 mean phi
size is found throughout Bgg Island and Kayak Troughs
and in Hinchipbrook Sea valley. These distributions
emphasize thea ubiquitiocovs nature of this =ilty com—
ponent of the sediments and the prevalence of glacial
flour.

On Tary Baok, Middleton Ysland piatform and
Pamplona Ridge two ranges of mean phi (less than
4 » and 4-6 ¢) pravail, Thosa uxees wre dominated
by gravel and gravelly mud. BRcrose the entire
Copper River predaelta, & lO~km-wlide bond of fine
gand with & mean of 1688 than 4 ¢ is bordered sea-
ward by a narrower bosmd of sandy silt with a mean
of 4-6 ¢. The samg type of coarse to fine sequence
exists around Xayak Ygland and in the nearshore
zone between Yakataga and the Maluspipa Glacier.
Sediments of 4~6 mawn phi size occux on the landwargd
gides of Bome of the Copper River haxvier islands.
These fines have accumylated becsuse the islands
provide shalter from high-energy waves.

The degree of sediment gorting provides in-
slght into sedimentation proce¢sses. The moderately
wel)l gorted sedimencs, primarily mediuvm to fine
sand (£1g. 2 and sheet 2F) located along the near-
shoxe zone throughout the entire study area, are
evidence of tha winnowing action of the bottom
corrents and of breaxing waves in shallow water.
Sesward of the modexataly we)l sorted sediment,
the sediment grades frow poorly (1-2) to very
poorly (more than 2) worted (sheet 2F). Some
poorly sorted sediments are deposited in the
shadow zongs behind the barrier islands. The bulk
of the samples, which are clayey silts {pre-
dominantly glacial flour) thet blanket much of
the continental shelf, plot in the very poorly
sorted category ranging from 2-3, and most are
above 2.8. The moat poorly sorted sediments
(more than 3 with some as high as 7-3) are found
on Tarr Bank, Pamplona Ridge, at the mouth of
Yakutat Bay and at sporadic sample locslities at
the edye of the shelf (eheet 2F). Many of these
extrengly poorly sorted sediments (fig. 2} are
till~like and others are gravelly or pehhly muds.
Some of the poorly sorted muddy gravels are pro-
bably glacia)l moraine. Mogt of the gravelly mds,
howaver, 3re probably a composlite of glacial
flour (clayey sllt} and ice-rafted pebbles.

Carbon (carbonate and oxgenic)

Of the 40 samples analyged, the sandy samples
contained the least carbon, as carbonate or
orgenic carpon, ranging from 0.1 to 0.5 percent.
The muddy samples$ contained somewhat greater
quantities of both carbonute and organic carbon
but were all low. The highest carbonate carbon
measured waa 2.14 percent from a gravelly mud
collected on Tary Bank, and the highest organic
carbon content wag 0.82 percent from a clayey
silt sampled pear the sBouth end of Kayak Island.
RangeB tor the various sediment types analyzed
are listed in Table 2.

Comparison plots of carvbonate and organic
carbon versus wean phi aiza (£ig. 4) show con-
siderabla scatter, but {f tha individnal sedi-
ment types are idantifigd, a cluster of clayay
gilts marked by low carbon content i noticeable,
especially on the carbonate carbon graph (fig. 4a).
The aandy suwpled ghow a slight increase in both
carbonate and organic carbon content with a
decrosse in mean particle gize.

Engineexing properties

Tesrs for Atterbery limits and vane shear
strength were run on selacted samples. The
physical propercy tests werxe run about six months
after gample collection, but the samples were well
sealed, and wa assume that they contained most
of their original mwistura. The moisture con-
tents at time of dnalysia ranged from 24-90 per-
cent of tha dry weight of the gediment (table 3).
In most of the clayey silt samples, the moisture
content is greater than the liguid limit, suggesting
nighly sensitlive godl. The plastic and liquid
limits are both rather low, less than 30 and 50,
respectively (table 3).

On a graph of the relation of plasticity index
to liquid Aimit (£ig. 8), all of the Gulf af Alaska
samples plot along the A~line of Casagrande {(1948),
which reprasents an empirical boundary between
typical inorganic clay (sbove R~1ine) and typical
inorganioc sllt (below A-~ling)}. However, unlike
wany terxrestrial solls (Cassgrande, 1948), the




Magkan ghelf samples plot on both 8idas of the
R~line. These samples are classified us clayey
sl of low plasticity.

Laboratary vane shear tests wera run on a few
box core samples. The peak shear strengths were
very low, ranging from 1 to 9 kilopasoals
{0.01-0,09 tona/ft”)., The gravelly muds were Blightly
atrongex than the clayey ailte (fig. 6), but in both
types the peak shear strength deoressed as wolisture
conténtg increased.

STRATIGRAPHY

The cowpax areadl patterns of surface sedi-
ment on the continental shelf reflect multiple
sediment sources and procesges. Some of the sedi-
ment has heen txandported and reworked over the
last seversl thoussnd y¢arg. and some is being
introduced today.

On the basis of a study of high-resolution
seismie profiles and bottom gamples, a simplified

stratigraphy of sédimmntdry units has been
developsd (Molpis and Carlseson, 1975a; Carlson and
Molnia, in press). The units and their character-
istics are shown in table 4.

Table 2.--Carbonate oarbon and organic carbon for seleoted samples
from the northern Gulf of Alaska continental shalf,

Sediment No. of Caxbonute carhon (1) Organic carbon (%)
type samplag Ranqa Ava. Range Ava.
Gravelly mud —-- 11 0.26~2.14 0.9 0.33-0.71 0.59
Clayey silt —~—— 23 0.12«0.82 0.32 0.30-0.82 0.60
Silty sand ----~~ & 0.12-0.4% 0.19 0.11-0.51 0.25

Table 3.--Atterbsrg limits for sediments on conbingntal shelf in
northern Culf of Alaska

[Peroents dry weight of sediment]

Natural water Plasticity
No. of Plastic limie (V) tigquid limit (%) sontent (V) index (%)
3ed lmbnt Samples Range Ava. Range Ave. Range AVE. Range Ave
Clayey gilt —---- 22 17.0~29.3 2.8 23.9-50.8 39.13 24.1~90.2 52.8 6.1-23.5 15.6
Gravelly mud ---—- 6 17.0-28.7 23.9 22.7-472.8 36.13 30.9-54.¢ 11.6 S.7-18.1 12.4

Table 4.--Marine asdimentary units on the contingntal
ahslf of the northern Gulf of Alaska
(Modifiad from Carlson and Molnia, in press)

Saismic raflaction

Unit characterigtics Deecription
Rolocene Relatively horf{zontal and blive to gray under-
sediments parallel reflgutors consolidated clayey

axcept fox digrupted reflectors
where Sluwped.

silt) modersataly sorted
medium to fine sand in
nesrshore zone; inter-
layerad sand and mud
unita in trunsition zone.

Holocene end Discontinuous, {rregqular
moraines reflectors, very irreqgu-
lar gurface worphology.

Olive to gray unsorted
unstratified heterogon-
ecus mixtore of clay,
sile, gand, and gravel.

Quaternary Very lrregular confused, Olive togay pebbly mud,
glacial-marine distorted reflegctors sandy shelly mud, and
sediments sandy gravel.

Palescena to Waell-devaloped reflectors Semi~ to wall-indurated

Pleistocane indicacing foldadq, pabbly and sandy mud,
sedimentary faulted, and truncated silestone, and sand~
rocks lichi £ied eedimentary :17.1,0

BErsta.




These stratigrapnic units are all present at or
near the seafloor on various parts of the shelf. The
Holocene sediments form a blanket or wedge that thins
seaward but covers much of the ghelf. Positive relief
features - Tarr Bank, the Middleton and Xayak Island
platforms, Pamplona Ridge and parts of the outer-
nost shelf - are not ¢overed. Thase features are
constructed primarily of Paleocene to Pleistocene
sedimentazry rocks and in many places are covevred
by a relatively thin layer (2-10 m) of Quaternary
glacial-marine sediments. Small, thin (1-3 m) patches
of Holocene sediment have been sampled at isolated
spots on these features (Carlgon and Molnia, 1975).
Both the Miocene to Pleistooéne and the Quaternary
units (table 2) have many of the characteristics of
the Yakataga Formation (Plafker and Addicott, 1976),
and, indeed, both may be members of that unit.
Regional tectonism has uplifted, folded., and faulred
these units, and they have bean partielly arocded
since the last glacial advance.

The Holocene sedimencts are %hose materials that
have been deposited gince the last major glacial
advance. Included in the Holocene deposits, in
addition to sand, silt and clay, now baing deposited
on the shalf, are morainsl sediments seaward of the
Bering Glacier, Icy Bay, and Yakytat Bay.

SEDIMENTATION PROCESSBS

hgents of transport that carried the surficial
gsedlments to their present gites Ilncluded ice, both
glaciers and icebergs, curxents, in¢luding long-
shore, surface, and bottom: waves lncluding storm,
seismic, and intermal; mass movemégnt, both slumps
and slidee; streams and rivers); and wind.

Glacial depositg.--The muddy grvavels found on
bathymetzric highs and at the edge of the shelf are
relict, till-like deposits, gimilar to those mepped
by Miller (1953) on Middleton Ialand. Similar
muddy conglomerates occur onshore in tha Yakataga
Formation (Plafker and Addicott, 1976). This
coarse debris offshore probably was deposited
during the Plelstoceana when lobed of the massive
piedmont glaciers extondad to the shalf edge. As
these glaciers retreated to near the present-day
ghoreline, outwash or atratified drift wes probably
being deposited on the ghelf. Subseguently, sea
level rose to near ite present position and icebergs
calved from the tida] glaciexs and floated in the
shelf waters. Gravel and sand frozen into the
icebergs was randomly dropped onte the glacial
flour that was accumulating on the shelf. The
resulting pebhly or gravelly mud (diamicton)
makes up a significant part of the modexn-day
higha, Tarr Bank, Middleton Ygland plscform and
Pamplona Ridge. Uplife of these positive relief
features and the winnowing action of waves and
currents have kept the diamictons from being
covered by the fine gediment thsr is being
deposited elsewhere on the shwlf.

Postqlacial deposits,--The modern sediment
being deposited on the continental sholf of the
northern Gulf of Rlaska 18 principally clayey silt.
However, in the very nearshore areas moderately
well-gsaorted sand and coarse gilt are being deposited.
The source of most of thig¢ sedimunt is principally
the Copper River and gecondarily the laxge glaciers
that reach almost to the sea elong much of the
shozeline of the northern gulf. Tho sediment is
carried to the ocean and than transportéd westward
by the dominating Alaskan Gyrs. #Wind ls a less im-
portant but significant txansportex of fine sediment,

esgpacially the wind that during the fall and
wintax months, fregquently howls down the Copper
Rivar gorge at epeeds as great as 160 km/hr.
(Rafmnitz, 1966). This wingd picks up gignifi-
cant amounts of fine sediment from the £160d pisin
of the bralded Copper River and carries it sea~
ward across the shelf, as much as 40 - 50 km
offghore (Carlison, Molnia and Reimmnitz, 1976;
Poat, 1976). The silt, whether wind blown or
current transported, settles through tha water
column and blankets the area. The wedge of
sediment ie cthickest close to shore, reaching
thicknegsses of more than 300 m southeagt Of
the Copper River and more than 200 m Beaward
of the Malaepina Glacier (Carleon and Molnda,
1975y . 7his sllt and clayey silt thina and
pinchus out over Tarr Bank and Pamplona Ridge and
over scattered places near the shelf edge.

21§atoa of modern sediment accummlation baged
on Pb analyees of samples from two of oux box
cores cange £rom 17 mm/yr for mud on the inner
shelf near the Copper River prodelta to 2 mm/yr
tor sediments on the onter shelf near Middleton
Island (Charles Holmes, 0.5. Geol. Survey, writtan
copmun., 1977). If we assume that the Holooeng
sedlment sesward of the Copper River averuvgad
150~200 m in thickness on the inner shelf and
hag been accumulating for about 10,000 yearsg,
tha rate of accumulation would be 15-3?Dmm/yx.
equivslent to that obtained with the ™ tach-
nique.
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